Abstract: Portable profilometers are very common in industrial practice. In particular, they are useful if one wants to perform in-situ inspection of surface roughness under industrial conditions. They are usually small and light and owing to that they are portable and this is why they can be applied under industrial conditions. However, there are numerous factors that influence results of in-situ surface roughness measurements. One of such factors is a human error, since the measuring head is usually controlled manually by an operator. The paper presents results of the research aiming at establishing if there is statistically significant difference between results obtained for mechanical or manual handling of measuring head. In the experiments the following parameters were analyzed: Ra, Rq, Rt and RSm.
INTRODUCTION
Growing competition that is at present observed in the market of goods and services affects the area of manufacturing of mechanical parts and devices [1] . Such competition requires manufacturing more and more reliable products. In order to obtain this goal the manufactured parts should be of very high quality [2] . It associates with increasing demands of the high geometrical accuracy of elements. Geometrical accuracy is not only dimensional accuracy. It relates also to high quality of surface texture of elements, which includes: form errors, waviness and roughness [3] [4] [5] .
Surfaces of mechanical parts are not ideally smooth since they are affected by a number of various factors, such as: vibrations, cutting tool wear, errors of machine tools guideways, etc. [6] .
The subject of measurements of surface texture is very complex. Thus, various aspects of this problem are studied by a number of researchers. Some of them deal with the influence of cutting parameters on surface texture of machined elements [7] . Another area under investigation is development of new methods of evaluation of surface roughness parameters [8] . Efforts are undertaken also to seek new methods of measurement of surface roughness [9] . A very important field of study is development of new methods of surface filtering [10] [11] [12] .
Generally, surface texture of machine parts is evaluated quantitatively with the use of parameters such as Pa, Ra, Wa and similar [13] . Qualitative assessment of the surface texture is usually performed through a graphical representation of irregularities in different types of diagrams. Sometimes an additional analysis of the surface is useful, which is based on digital signal processing methods [14, 15] . Among methods of digital signal processing the Fourier analysis is the most common method [16, 17] . However, also other methods are at present applied more and more often to analyze surface irregularities, for example wavelet transform [18] .
Generally, instruments for surface roughness measurements can be divided into two main groups: stationary profilometers and portable ones. This paper deals with the problem of the measurement accuracy of portable profilometers.
They are instruments that can be applied to in-situ surface roughness measurements [19, 20] . Portable profilometers are usually contact ones. Usually they are equipped with a capacitance, piezoelectric or inductive transducer. They are usually small and light and owing to that they are portable and this is why they can be applied under industrial conditions. However, there are numerous factors that influence results of in-situ surface roughness measurements. One of such factors is a human error, since the measuring head is usually controlled manually by an operator. This is the reason why the research was initiated that aimed at establishing if there is a statistically significant difference between results obtained when the measuring head was held manually and mechanically during measurements.
PLAN OF THE EXPERIMENT
The experimental research aimed at statistical evaluation of differences between results obtained when the head of the instrument was handled manually and mechanically. The instrument used in the experiment was a typical portable profilometer, commonly applied in industry. The measuring tip of the instrument was equipped with a skid. The instrument allows users to conduct measurements quite quickly and easily. Its software makes it possible to determine all roughness parameters defined by the standard ISO 4297.
The specimen was a surface of a sinusoidal roughness standard, whose nominal value of parameter Ra was equal to 0,97 μm. The experiment included conducting of one hundred of measurements. Fifty of them were carried out when the head was held manually by the operator. The other fifty measurements were performed when the measuring head was fixed mechanically to the column of the instrument. During the measurements the following roughness parameters were determined: Ra, Rq 
where n is the number of measurements in each series. (in the experiment n = 50). Assumed level of significance for the test is 0.05. The critical value of quantity t for this significance level was equal to t α = 1,645.
RESULTS
The experiment resulted in obtaining two sets of fifty values for each investigated parameter. These couples of sets of values were then analyzed according to the procedure given in the previous section.
Parameter Ra
Diagram shown in Fig. 1 presents results of measurements of parameter Ra obtained during the experiment.
Figure 1 Measurement results of parameter Ra
For the results of both measurement series the following statistical parameters were calculated: arithmetic mean, mean square deviation, maximum value, minimum value and range. Values of determined parameters are given in Tab. 1.
Value of the quantity t, calculated from the Eq. (1) for the results of both measurement series was equal to 2,886. This is the value higher than critical one that equals 1,645 for assumed probability level P = 0,95. Thus, according to this test the difference between arithmetic means of Ra is statistically significant. 
Parameter Rq
Diagram shown in Fig. 2 presents results of measurements of parameter Rq obtained during the experiment.
Figure 2 Measurement results of parameter Rq
Values of statistical parameters calculated for both measurement series are given in Tab. 2. Value of the quantity t, calculated from the Eq. (1) for the results of both measurement series was equal to 4,301. This is the value higher than the critical one that equals 1,645 for assumed probability level P = 0,95. Thus, according to this test the difference between arithmetic means of Rq is statistically significant.
Parameter Rt
Diagram shown in Fig. 3 presents the results of measurements of parameter Rt obtained during the experiment.
Values of statistical parameters calculated for both measurement series are given in Tab. 3. Value of the quantity t, calculated from the Eq. (1) for the results of both measurement series was equal to 8,740. This is the value higher than the critical one that equals 1,645 for assumed probability level P = 0,95. Thus, according to this test the difference between arithmetic means of Rt is statistically significant.
Parameter RSm
Diagram shown in Fig. 4 presents the results of measurements of parameter RSm obtained during the experiment. Value of the quantity t, calculated from the Eq. (1) for the results of both measurement series was equal to 6,264. This is the value higher than the critical one that equals 1,645 for assumed probability level P = 0,95. Thus, according to this test the difference between arithmetic means of RSm is statistically significant. 
CONCLUSIONS
Analysis of the results of the experiment shows that manual handling of the measuring head can influence measurement results. Diagrams presented in Figs. 1-4 show that measurements results obtained when the head was held manually diverse more than the ones obtained when the head was fixed to the column of the instrument. This observation can be confirmed by the analysis of numerical values of statistical parameters given in Tabs. 1-4. It is easy to notice that values of mean square deviation and the range are much higher for manual handling than for mechanical handling.
It is also clear that the way of handling influences values of all analyzed roughness parameters. However, this influence is strongest in the case of parameter Rt. Other parameters, i.e. Ra, Rq and RSm are a little less sensitive for the method of handling of the head, because they are calculated as arithmetic or square means. Nevertheless, the result of the test of difference between mean values of all analyzed roughness parameters proves that the difference is statistically significant. Thus, users of portable profilometers should be conscious of the fact that the manual handling of the measuring head can be the reason of significant measurement errors.
